A null mutation in MICU2 causes abnormal mitochondrial calcium homeostasis and a severe neurodevelopmental disorder.
Mitochondrial calcium homeostasis is a tightly controlled process that is required for a variety of cellular functions. The mitochondrial calcium uniporter complex plays a critical role in this process. MICU2 is a major component of the mitochondrial calcium uniporter complex and its deficiency has been shown to impair mitochondrial calcium [Ca2+]m homeostasis although the exact mechanism remains unclear. We used exome sequencing, positional mapping, and functional characterization of MICU2 deficiency to investigate the role of MICU2 in calcium homeostasis. Using combined autozygome/exome analysis, a homozygous truncating mutation in MICU2 was found to fully segregate with a neurodevelopmental disorder in the form of severe cognitive impairment, spasticity, and white matter involvement in a multiplex consanguineous family. Patient-derived MICU2-deficient cells displayed impaired [Ca2+]m homeostasis, with associated increase in mitochondrial sensitivity to oxidative stress, and abnormal regulation of inner mitochondrial membrane potential. This is the first demonstration of MICU2 deficiency in humans, which we suggest causes a distinct neurodevelopmental phenotype secondary to impaired mitochondrial calcium uniporter-mediated regulation of intracellular calcium homeostasis.